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(57) ABSTRACT

An engine unit, particularly for urban transport, comprising
an engine (3) supplied with a compressed gas and having a
expansion chamber (9), a liquid gas tank (28) in communi-
cation with the engine (3), and means (M, M") for gasifying
the liquid gas, which are interposed between the liquid gas
tank (28) and the engine (3) for obtaining compressed gas.
The gasifying means (M) comprise a gasification chamber
(22) in communication with the liquid gas tank (28) and a
liquid fuel tank (39) which is connected to the gasification
chamber (22). The gasification chamber (22) is in fluid
communication with both the liquid fuel tank (39) for the
combustion of the liquid fuel with the oxygen of the liquid
gas (22), and the expansion chamber (9) so that the com-
pressed liquid gas and gaseous products of combustion
process are used to do useful work.




US 2007/0193275 Al

Patent Application Publication Aug. 23,2007 Sheet 1 of §

e £ I

|
Ly ,

ﬂl _\lll
99 P29 mmnm .
T 0 L .\vi LR Ty \\\\\\ 27T A
iz - NofL8. 52 | o

N@ :__: f).\mN
(. \.w\.‘_..,_/l..l| \\\“..__“ 4\ ,

/ m TR
7 2 VLRI pitn Og

W L€

\ LLLLL LTI RV 7, ,\\x\\\\\\\\\\\ VL LA

I
9l \mm mm\(w \\ @mﬁ}ﬁ

UMY AN NN NN




Patent Application Publication Aug. 23,2007 Sheet 2 of § US 2007/0193275 A1

o~
&)
T
-
A
y ! N
N
§ w0l % L
\ \
N \
O N !
NNl AN
A N i\\
\ \
N N
N N
ol w N N
1°72) N\
= N N
N U\ ©
ah] \ L L \ [
N N P
\ N
O § N
@ N N
<P A § N
\ \
N N
Y NN D 2. /)§ \
< o N ! N
. >-0 N ( L §
o o o AT

o |



US 2007/0193275 Al

Patent Application Publication Aug. 23,2007 Sheet 3 of §

////1/11”"'-

LLL L Ll hdrllo

9 .
— m N . .
N,Zﬂ. | wm/\“ym |

',
1780

09

e it
L lls \W\\B\\\M\N\\\\\\N‘\ 772X 7
T il
ww 2 b 6| L&




US 2007/0193275 Al

Patent Application Publication Aug. 23,2007 Sheet 4 of 5

77914

eL2l

7 FLLTLRTIHILE

R 4 I

L P—
Gk 8
Jp A

G2z 25T d-€8

P72y 77T T T,

L VA ATEIGIET D

v@.-, 39




US 2007/0193275 Al

Patent Application Publication Aug. 23,2007 Sheet 5 of 5§

W43

G ol

Blct

w | Y PSFLAGHLLLLIIEL T &N L2 I IAI OO TSI TIOLT

% SEIINE AL IRII I ETET TS mv

1l
il P i e—
dilsil

A

3

m . w 2 VS \. 2L 74

qeee

¥
m @Nm i N.m “ AN

NN

ﬁ —Nm (ZILELETLLITII L VL, (L AEETLILLIILIIIIIII T2,

00c




US 2007/0193275 Al

METHOD AND APPARATUS FOR GENERATING
COMPRESSED AIR FROM LIQUEFIED AIR, FOR
SUPPLYING COMPRESSED AIR TO AN ENGINE

FIELD OF APPLICATION

[0001] The present invention relates to an engine unit,
particularly, but not limited to urban traction, as defined in
the preamble of the attached Claim 1.

[0002] As it is known, particularly in the field of urban
traction, which is in the field of both public and commercial
transport as well as of private transport in the urban network,
there is the need of environmentally friendly vehicles, in
practice non polluting. So, the invention is particularly
intended for vehicles such as taxis, urban buses, as well as
engines for industrial factories, such as self-propelling
machines in general, i.e. in railway stations, obviously
besides private vehicles for prevailing urban use.

PRIOR ART

[0003] Vehicles have been proposed equipped with an
engine unit wherein a compressed air tank is in fluid
communication with an engine supplied with the com-
pressed air. These vehicles are really less polluting but suffer
from the well known drawback of scarce autonomy. More-
over, also their efficiency is low, because the initial pressure
of the compressed air is too high for use in the engine and
must be reduced, with loss. of energy and further reduction
of autonomy.

[0004] 1t has been proposed to store. energy in the form of
a cold liquefied gas, such as liquid nitrogen. This technology
provides the steps of gasifying the cold liquid obtaining
compressed gas, and expanding compressed gas from high
pressure to atmospheric pressure in an appropriate engine
expander to do useful work.

[0005] An engine operating with liquefied gases as prin-
cipal energy sources is disclosed for instance in the U.S. Pat.
No 4,359,118, whereon the preamble of claim 1 is based.
This patent relates to a composite engine cycle, wherein
liquefied gas, such as liquid air or liquid nitrogen, is
expanded and warmed both from the ambient and by com-
bustion of suitable fuels.

[0006] Although the prior art engine does have favourable
features including reduced dependence on liquid fossil fuel,
no long distance transportation problems, and wide variety
of usable fuels, it suffers however from one or more limi-
tations, which make it non entirely suitable for its intended
purpose.

[0007] The main drawback is that neither an optimal
efficiency nor low pollutant levels can be achieved.

[0008] Therefore, there exists the need of an engine unit,
that, having the same favourable features of the known
engine, also ensures high level efficiency and low pollutant
levels. The underlying problem of this invention is to
provide an engine unit, which satisfies the above-specified
need, simultaneously overcoming the afore-mentioned
drawback with reference to prior art.

[0009] This problem is solved by an engine unit as defined
in the attached Claim 1.

[0010] The term liquid gas means, in the field of the
present invention, a substance or a mixture of substances,
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which, under normal conditions, i.e. substantially at ambient
temperature and pressure, is in the gas phase, whereas in the
above tank under suitable conditions of high pressure and
low temperature, is in the liquid phase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a schematic view of an engine unit
according to the invention.

[0012] FIG. 2 shows an operation diagram of the trend of
the pressure according to the volume.

[0013] FIG. 3 shows a schematic view of a first embodi-
ment of the engine unit of FIG. 1.

[0014] FIG. 4 shows a schematic view of a second
embodiment of the engine unit of FIG. 1.

[0015] FIG. 5 shows a schematic view of a third embodi-
ment of the engine unit of FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

[0016] With reference to FIGS. 1 and 2, 1 globally indi-
cates a first embodiment of an engine unit according to the
invention. The engine unit 1, mounted on board of a vehicle
particularly indicated for urban transport, comprises a com-
pressed gas generator 2 and an engine 3, supplied with the
compressed gas from the generator 2.

[0017] The engine 3, in the example, is an engine of the
alternative type, that is a piston engine. The engine 3 is
represented, in the drawing, limitedly to a monoblock 4, a
cylinder 5 of a plurality of cylinders, a piston 6 movable
within the cylinder 5, in order to transmit motion to a
crankshaft 7 through a rod 8, an expansion chamber 9
defined within the cylinder 5, as well as intake and exhaust
ducts 10, 11, so as to put into fluid communication the
expansion chamber 9 with intake and exhaust manifolds 16
and 17, through respective intake and exhaust valves 12, 13,
which are driven to open by respective cams 14, 15 and to
close either by springs or desmodromically.

[0018] The compressed gas generator 2 comprises a close
housing 21 wherein a gasification chamber 22 is formed.
The gasification chamber 22 is in fluid communication with
the intake manifold 16 through a port 23, and further with
the expansion chamber 9 through the intake duct 10.

[0019] Preferably, the gasification chamber 22 is split,
because of a wall 24 provided with perforations 25 being in
the housing 21, into a first saturated-steam combustion
chamber 26 and a second, overheated combustion chamber
27 facing the port 23.

[0020] In the specific case of FIG. 1, liquid air is used as
liquid gas and the compressed gas generator 2 comprises a
liquid air tank 28, in practice a liquid air cryogenic cylinder.

[0021] The gasification chamber 22, and precisely the first
chamber 26, is connected to the liquid air tank 28 through a
piping 29. Along the piping 29, starting from the tank 28, a
cutoff valve 30, a pump 31, a check valve 32, a heat
exchanger 33, a cutoff valve 34, a branch line 35, and a flow
control valve 36 are arranged, and finally a diffuser 37 open
in the first chamber is arranged at the end of the piping. The
branch line 35 is provided with a settable accumulator 38.
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[0022] In order to gasify liquid air, the compressed air
generator 2 comprises gasifying means M, which include a
tank for liquid fuel 39. The liquid fuel may be liquid
methane or another hydrocarbon, but preferably liquid
hydrogen is used, in practice a cryogenic cylinder of liquid
hydrogen.

[0023] The gasification chamber 22, and precisely the first
chamber 26, is connected to the liquid hydrogen tank 39
through a piping 40. Along the piping 40, starting from the
tank 39, a cutoff valve 41, a pump 42, a check valve 43, a
heat exchanger 44, a cutoff valve 45, a branch line 46, a flow
control valve 47 and finally a diffuser 48, open in the first
chamber and facing the diffuser 37, are arranged. The branch
line 46 is provided with a settable accumulator 49.

[0024] The first chamber 26 is provided with a pilot igniter
50 facing the diffuser 48. The pilot igniter 50 is supplied by
an electric circuit 51, which comprises power source 52 and
switch 53.

[0025] The gasification chamber 22, and precisely the
second chamber 27, is connected to the liquid hydrogen tank
39 through a piping 54. Along the piping 54, substantially as
already described for piping 40, a cutoff valve 55, a pump
56, a check valve 57, a heat exchanger 58, a cutoff valve 59,
a branch line 60, a flow control valve 61 and finally a
diffuser 62 are arranged. The branch line 60 is provided with
a settable accumulator 63. Also the second chamber 27 is
provided with a pilot igniter 64. This igniter faces the
diffuser 62 and it is supplied by an electric circuit 65
comprising power source 66 and switch 67.

[0026] The power sources 52 and 66, in practice a con-
ventional battery, are conventionally rechargeable through a
dynamo, not shown, driven by the engine.

[0027] The accumulators 38, 49 and 63 are conventional
ones and are provided with fill and cutoff valves, and a
throttle.

[0028] Also tanks 28 and 39 are conventional and they are
both provided with vent, fill valve and pressure gauge, with
respective cutoff valves.

[0029] Pressure gauges 68, 69 and, preferably, pressure
transducers, are provided on each chamber 26 and 27.

[0030] In operation, the air and the hydrogen from the
respective tanks 28 and 39 are forced by respective pumps
31 and 42 to diffuse into the gasification chamber 22 and
precisely the first chamber 26 and they reach mutual contact.
Due to the pilot igniter 50, combustion of the hydrogen with
part of the air and more exactly with the oxygen of a part
thereof takes place. This combustion takes place under
saturated-steam conditions: actually the first chamber 26
now contains oxygen-depleted air and saturated steam, both
under the same pressure, substantially between 10 and 30
atmospheres, and preferably 20 atmospheres.

[0031] These gases pass from the first chamber 26 to the
second chamber 27 through the perforations 25 of the wall
24.

[0032] The combustion continues in the second chamber
27, because of the diffusion therein of hydrogen coming
from the same tank 39, under effect of the pump 56, because
of'the presence of the pilot igniter 64, with further part of the
air and more exactly with the oxygen of further part thereof.
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The second chamber 27 now contains a mixture of air,
further depleted of oxygen and overheated steam, both at the
same pressure, substantially between 10 and 30 atmo-
spheres, preferably 20 atmospheres. It is to be noted that,
while passing through the heat exchanger 33, the liquid air
undergoes a starting gasification by extracting heat from the
ambient atmosphere. Condensation and any freeze are thus
effectively prevented.

[0033] Likewise the liquid hydrogen undergoes a starting
gasification on passing through the heat exchanger 44 and on
passing through the heat exchanger 58.

[0034] Thanks to the heat exchangers 33, 44, 58, which
preliminarily perform a starting gasification of the liquid air
as well as of the liquid hydrogen by extracting heat from the
ambient atmosphere , the energy to be transmitted to the
liquid air and to the hydrogen in order to gasity the liquid air,
thanks to the combustion of the hydrogen with the oxygen
of the air itself, is thus reduced.

[0035] 1t should be noted that, thanks to the settable
accumulators 38, 49, 63, a stabilisation of possible pulses of
the pressure values inside the gasification chamber 22 is
achieved.

[0036] The gas mixture released by gasifying liquid air,
which is in practice compressed air, passes to the intake
manifold 16 through the port 23 and from here, through the
intake valve 12 which is open each time, into the chamber
9 of the respective cylinder 5. Here, because of its pressure,
it expands by shifting the piston 6 along its active stroke in
the direction of arrow F,, thus performing the desired
mechanical work.

[0037] 1t is to be noted that, thanks to the fluid commu-
nication with the gasification chamber 22, the entire gas
mixture, which comprises compressed liquid gas and gas-
eous products and by-products of combustion process,
passes into the expansion chamber 9 of the engine 3. During
the exhaust stroke in the direction of arrow F,, the piston
ejects the gas mixture through the exhaust valve 13, the
mixture being now at ambient pressure, into the exhaust
manifold 17, and here from into the ambient atmosphere,
almost at ambient pressure and temperature.

[0038] At this point the operation is repeated, with each
piston completing a power and an exhaust stroke at each
double stroke.

[0039] With reference to FIG. 2, the working cycle of the
engine unit according to the invention is now described. In
particular in a diagram with the cylinder pressure p plotted
along the ordinate axis and the cylinder swept volume V
along the abscissa axis. V_ is the product of the piston stroke
c for its section F, whereas V__ is the minimum volume in the
cylinder, also called dead space, when the piston is at its top
dead centre.

[0040] P, is the highest pressure inside the cylinder, and p,
is the lowest pressure, the latter being approximately the
same as the ambient pressure.

[0041] From A to C via B the working stroke (arrow F,)
of'the piston fis achieved with expansion of the compressed
air. From C to A via D the piston exhaust stroke (arrow F,)
is achieved with expulsion of the exhaust air.

[0042] From A to B, the intake valve 12 is open and the
piston is pushed by a constant pressure. From B to C, the



US 2007/0193275 Al

intake valve 12 is closed and the cylinder is pushed by gas
expansion, until the exhaust valve 13 is opened under
conditions of pressure p, approximately equal to ambient
pressure.

[0043] From C to D, the cylinder is emptied of the spent
gas, which is discharged in the ambient atmosphere.

[0044] From D to A the valve 13 is closed and a pressure
increase occurs within the cylinder until the pressure value
P> is reached, being equal to that of the gasification chamber.

[0045] Tt should be noted that the duration AB for opening
the intake valve 12 is selected so that the gas mixture, at the
end of the piston power stroke, has substantially attained
substantially ambient pressure and temperature.

[0046] 1t is to be noted that the duration CD for opening
the exhaust valve 13 is selected so that, at the end of the
piston exhaust stroke, when the intake valve 12 has to open,
the same pressure as in the gasification chamber prevails in
the cylinder.

[0047] According to an alternative embodiment, instead of
proper liquid air, liquid air depleted of oxygen is used as
liquid gas. The air depleted of oxygen is substantially made
of nitrogen as main component and of a reduced amount of
oxygen. The latter corresponds in practice to the amount of
oxygen necessary for the combustion reaction with the fuel,
e.g. a stoichiometric amount.

[0048] The operation of the engine unit 1 with the liquid
air depleted of oxygen is similar to the above described. In
this case there is however the advantage of not uselessly
wasting oxygen and of thus using the oxygen extracted from
the air for other purposes. In order to separate the oxygen
from air any known technology for separating gas can be
used.

[0049] With reference to FIGS. 3, 4 and 5 other embodi-
ments of the engine unit are shown, respectively 100, 200
and 300, according to the present invention. In these figures,
equal components having the same function already
described, keep the same reference number. Thus these
common components are not described again in detail.

[0050] These embodiments substantially differ from the
preceding one only as regards the method for gasifying the
liquid gas, whereas the motor 3 is driven according to the
same mode already described.

[0051] In particular, FIG. 3 shows an engine unit 100,
wherein liquid nitrogen is used as liquid gas. The tank 28 is
constituted of a cryogenic cylinder of liquid nitrogen, sub-
stantially pure. The nitrogen is supplied to the gasification
chamber 22 through the same path and mode shown in FIG.
1 for the liquid air.

[0052] Similarly to what has been already shown in FIG.
1, in the gasification chamber 22 the fuel of the tank 39 is
also supplied through the pipings 40 and 54.

[0053] In order to allow fuel combustion, the engine unit
100 comprises gasitying means M', which include a liquid
oxygen tank 128, independent from that of liquid nitrogen.
The liquid oxygen tank 128 is in practice constituted of a
cryogenic cylinder of liquid oxygen.

[0054] In particular, the gasification chamber 22, and
precisely the first chamber 26, is connected to the liquid
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oxygen tank 128 through a piping 129. Along the piping 129,
starting from the tank 128, a cutoff valve 130, a pump 131,
a check valve 132, a heat exchanger 133, a cutoff valve 134,
a branch line 135, and a flow control valve 136 are arranged,
and finally a diffuser 137 open in the first chamber 26 is
arranged facing the liquid hydrogen diffuser 48. The branch
line 135 is provided with a settable accumulator 138.

[0055] The accumulator 138 is conventional and it is
equipped with fin and cutoff valve and a throttle.

[0056] Also the tank 128 is conventional and it is equipped
with vent, fill valve and manometer, with respective cutoff
valves.

[0057] During operation of the engine unit 100, nitrogen,
oxygen and liquid hydrogen from respective tanks 28, 128
and 39 are introduced into the gasification chamber 22 and
precisely into the first chamber 26. In particular, the oxygen
and the hydrogen are diffused and contacted with each other,
under effect of the respective pumps 131 and 42.

[0058] Thanks to the pilot igniter 50, the combustion of
hydrogen with oxygen is performed, which takes place as in
the preceding case. The amount of oxygen introduced is
suitably calibrated for obtaining a partial consumption of
oxygen in the first chamber 26, and a total consumption in
the second chamber 27.

[0059] The combustion heat causes the gasification of the
liquid nitrogen for obtaining compressed nitrogen.

[0060] Tt is to be noted that also in this case the liquid
nitrogen, while passing through the heat exchanger 33
undergoes a starting gasification by extracting thermal
energy from the ambient atmosphere.

[0061] Similarly also the liquid oxygen on passing
through the heat exchanger 133 undergoes a starting gasifi-
cation by extracting thermal energy from the ambient atmo-
sphere.

[0062] With reference to FIGS. 4 and 5, respectively
engine unit 200 and 300 are shown, which differ from the
preceding ones because the combustion between oxygen and
hydrogen is carried out in a separated area with respect to the
gasification of liquid gas.

[0063] Both in FIG. 4 and 5, the engine 3 is represented in
a symbolic way, since its operation is the same as the one
already described in FIG. 1.

[0064] In particular, the engine unit 200 (FIG. 4) com-
prises a first gasification chamber 222 and a thermal
exchange chamber 226 in fluid communication with each
other through a piping 225, and where between a check
valve 224 is interposed.

[0065] The engine unit 200 further comprises a second
gasification chamber 227, which is located inside the ther-
mal exchange chamber 226, and which is distinct and
separated from both the first gasification chamber 222 and
the second gasification chamber 227.

[0066] In particular, the second gasification chamber 227
is equipped with thermally conductive walls for exchanging
heat with the thermal exchange chamber 226.

[0067] It is to be noted that the second gasification cham-
ber 227 is represented for simplicity sake in a rectangular
shape. It is clear that it can have any other shape suitable for
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ensuring a high thermal exchange surface; e.g. it can be coil
shaped, or it can be equipped with a plurality of wings on its
outer surface.

[0068] The second gasification chamber 227 is connected
to the liquid nitrogen tank 28 through the piping 29 and the
further elements already described in FIG. 3. In particular,
the liquid nitrogen is introduced into the second gasification
chamber 227 after having undergone a starting gasification
by means of the heat exchanger 33.

[0069] The first gasification chamber 222 is connected
with the liquid oxygen tank 128 and respectively with the
liquid hydrogen tank 39, through the same pipings 129 and
40 and the further elements described in the preceding case
of FIG. 3.

[0070] Moreover, both the first gasification chamber 222,
the thermal exchange chamber 226 and the second gasifi-
cation chamber 227 are. equipped with a relative safe vent
valve.

[0071] The engine 3 is connected with the thermal
exchange chamber 226 through a first piping 221a equipped
with a first check valve 223a and with the second gasifica-
tion chamber 227 through a second piping 2215 equipped
with a second check valve 2235.

[0072] In such a manner, also in this case, both first and
second gasification chambers 222 and 227 are in fluid
communication with the expansion chamber 9 of the engine
3.

[0073] During operation of the engine unit 200, the oxy-
gen and hydrogen are diffused and contacted with each other
inside the first gasification chamber 222, under effect of the
respective pumps 131 and 42. The two gases are burnt by
means of the pilot igniter 50. The over-heated steam pro-
duced by combustion is introduced into the thermal
exchange chamber 226 for conveying heat to the second
gasification chamber 227, where there is the partially gas-
ified nitrogen.

[0074] As effect of the combustion heat, the partially
gasified liquid nitrogen is completely gasified in the second
gasification chamber 227 for obtaining compressed nitrogen.
The latter is united, downstream the second gasification
chamber 227, to the combustion products from the thermal
exchange chamber 226, for driving the engine 3.

[0075] As a result, all the available gases are used in the
expansion chamber 9 to do useful work.

[0076] Inthe embodiment shown in FIG. 5, the engine unit
300 comprises a first gasification chamber 322 and a second
gasification chamber 326 inserted in the first gasification
chamber 322 itself and distinct from the latter.

[0077] In particular, the second gasification chamber 326
is equipped with thermally conductive walls for exchanging
heat with the first gasification chamber 322.

[0078] The first gasification chamber 322 is connected
with the liquid oxygen tank 128 and with the liquid hydro-
gen tank 39 through pipings 129 and 40 respectively, as in
the preceding case of FIG. 4.

[0079] The second gasification chamber 326 is connected
with the liquid nitrogen tank 28 through the piping 29, as in
the preceding case of FIG. 4. The liquid nitrogen instead is
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introduced into the second gasification chamber 326 as
partially compressed through the heat exchanger 33.

[0080] Moreover, both the first gasification chamber 322
and the second gasification chamber 326 are equipped with
a respective safe vent valve.

[0081] The engine 3 is connected with the first gasification
chamber 322 through a first piping 321a equipped with a
first check valve 323q, and with the second gasification
chamber 326 through a second piping 3215 equipped with a
second check valve 3235.

[0082] In such a manner, also in this case, both first and
second gasification chambers 322 and 326 are in fluid
communication with the expansion chamber 9 of the engine
3.

[0083] During the operation of the engine unit 300, the
oxygen and the hydrogen are diffused and directly contacted
inside the first gasification chamber 322 by the respective
diffusers 137 and 48 for being burnt by driving the pilot
igniter 50.

[0084] The heat produced by the combustion is directly
conveyed to the second gasification chamber 326 for com-
pletely gasifying the nitrogen therein obtaining compressed
nitrogen. This latter is united, downstream the second gas-
ification chamber 326, to the combustion products from the
first gasification chamber 322 for driving the engine 3.

[0085] As a result, all the available gases are used in the
expansion chamber 9 to do useful work.

[0086] The main advantage of the engine units 200 and
300 is that the combustion and gasification processes take
place in separate areas. This allows to avoid direct contact of
the oxygen and the nitrogen during the combustion process,
thus preventing possible formation of nitrogen oxides in the
thermal exchange chamber 226 and in the second gasifica-
tion chambers 227 and 326, because of the above high
pressure conditions.

[0087] The present invention also relates to a method to
supply an engine and a generator for carrying out the
method.

[0088] According to the invention, the method comprises
the steps of providing a liquid gas, oxygen, preferably liquid,
and a fuel, preferably liquid and preferably liquid hydrogen,
of gasifying the liquid gas by burning the hydrogen with the
oxygen, with the presence of a pilot igniter, thus obtaining
compressed gas at a pressure of approximately 10 to 30
atmospheres and preferably 20 atmospheres and of supply-
ing the engine with compressed gas thus obtained and with
gaseous product and by-product of the combustion process.
According to the method, a starting gasification is performed
by thermal energy extracted from the ambient atmosphere
through a heat exchanger.

[0089] In a particular solution, the method according to
the invention provides to use liquid air as liquid gas. In this
case, being the oxygen part of the air, it has not to be
autonomously supplied.

[0090] In other solutions, the method according to the
invention provides to use liquid nitrogen as liquid gas and,
as a consequence, the oxygen is supplied by an autonomous
tank.
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[0091] For further clarity, the overall energetic balance of
the engine unit according to the invention is hereafter
shown.

[0092] The atmosphere is the means that carries the energy
dispersed in the ambient atmosphere during the step of
producing liquid air to the user who extracts this energy
from the ambient atmosphere thanks to the great temperature
gap (between the liquid air temperature (~-190° C.) and the
ambient temperature) and makes it available for the engine
unit to get the motion energy of the vehicle.

[0093] The use of liquid air allows to address the energy
obtainable from systems such as nuclear systems, hydro-
electric systems, eolic and traditional fuel ones, photovol-
taic, . . . to the production of a corresponding amount of
liquid air. And this liquid air can be then placed on a vehicle
that, by using the engine unit according to the invention
allows to use again, except from frictions, the energy used
for producing this liquid air as motion energy of the vehicle.
So, for example, any electrical connection with the electrical
energy supplier is excluded, as it happens instead for
example in the overhead trolley wires.

[0094] If the production of liquid air and the overall users
employing it are considered, it is noted that, for the energy
balance, the amount of energy necessary to make the ambi-
ent air liquid air, except from the frictions of the engine unit
according to the invention, is equal to the amount of energy
the liquid air must receive from the ambient atmosphere and
transform it into motion energy available to the vehicle, so
that the air is given back in the same state to the ambient
atmosphere wherefrom it had been extracted.

[0095] The main advantage of the engine unit according to
the invention is its non-polluting operation: in fact the
required power practically comes from the expansion of
compressed gas achieved by gasifying liquid gas in a
combustion process.

[0096] This is obtained in advance in various known ways,
in industrial places far from inhabited centres. As for its
gasification for obtaining compressed gas, first the heat
exchanger extracts energy from the ambient atmosphere and
then there is combustion of a very small quantity of fuel.

[0097] The above main advantage is to be combined with
the further advantage that all the gases, i.e. gases obtained by
gasifying liquid gas and gaseous products and by-products
of the combustion process, are used in the expansion cham-
ber to do useful work.

[0098] 1t is then to be noted that in the preferred embodi-
ment wherein liquid hydrogen is used as fuel, no carbon-
pollutant is released. In addition, because of particularly
favourable temperatures, pollutants deriving from nitrogen
oxidation are totally absent.

[0099] A particularly silent operation is also to be
expected thanks to the fact that both the intake and exhaust
valves are under equal pressure conditions, downstream and
upstream, when they open.

[0100] A further advantage of the engine unit of the
invention is its autonomy, not lower than the one required
for urban transport.

[0101] A further advantage of the engine unit of the
invention is its higher intrinsic safety reached because of the
dramatically reduced amount of fuel required for its opera-
tion.
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[0102] A further advantage of the invention unit is that it
can be manufactured by using in practice existing engines,
both very commonly used piston engines with connecting-
rods and cranks or, in case, of the Wanckel type with very
poor changes.

[0103] Obviously a skilled in the art can apply several
modifications and variations to the engine unit, to the
method and to the generator above-described, in order to
satisfy occasional and specific needs, all of them included in
the scope of the invention, as defined in the following
claims.

1. An engine unit, particularly for urban transport, com-
prising:

an engine supplied with a compressed gas and having an
expansion chamber provided with a piston arranged for
completing cyclically a power and an exhaust stroke at
each double stroke;

a liquid gas tank in communication with the engine; and

means for gasifying the liquid gas, which are interposed
between the liquid gas tank and the engine for obtain-
ing compressed gas, the gasifying means comprising a
gasification chamber in communication with the liquid
gas tank and a liquid fuel tank which is connected to the
gasification chamber,

wherein the gasification chamber is in fluid communica-
tion with both the liquid fuel tank for the combustion of
the liquid fuel with the oxygen of the liquid gas, and the
expansion chamber so that a gas mixture comprising
compressed liquid gas and gaseous products of com-
bustion process are used to do useful work.

2. An engine unit according to claim 1, wherein said
expansion chamber is provided with an intake valve and
wherein a duration for opening the intake valve is selected
so that the gas mixture, at the end of the piston power stroke,
has substantially attained ambient pressure and temperature.

3. An engine unit according to claim 1, wherein said
expansion chamber is provided with an exhaust valve and
that a duration for opening the exhaust valve is selected so
that, at the end of the piston exhaust stroke, when the intake
vale has to open, substantially the same pressure as in the
gasification chamber prevails in the expansion chamber.

4. An engine unit according to claim 1, wherein the
gasifying means comprise a heat exchanger between the
liquid gas tank and the gasification chamber, for a starting
gasification of the liquid gas.

5. An engine unit according to claim 1, charactcrised in
that wherein the liquid gas is of liquid air or of air depleted
of oxygen.

6. An engine unit according to claim 1, wherein the liquid
gas is liquid nitrogen.

7. An engine unit according to claim 6, wherein the
gasifying means comprise an oxygen tank in communication
with the gasification chamber for combustion of the liquid
fuel.

8. An engine unit according to claim 1, wherein the liquid
fuel is liquid hydrogen.

9. An engine unit according to claim 1, wherein the
gasifying means comprise a pilot igniter inside the gasifi-
cation chamber to promote the combustion.
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10. An engine unit according to claim 1, wherein the
gasifying means comprise a pump between the liquid gas
tank and the gasification chamber.

11. An engine unit according to claim 1, further compris-
ing a pump between the liquid fuel tank and the gasification
chamber.

12. An engine unit according to claim 7, further compris-
ing a pump between the oxygen tank and the gasification
chamber.

13. An engine unit according to claim 10, wherein the
pump is a variable delivery pump used for controlling the
engine speed.

14. An engine unit according to claim 1, further compris-
ing a heat exchanger between the liquid fuel tank and the
gasification chamber for a starting gasification of the liquid
fuel.

15. An engine unit according to claim 1, wherein the
gasification chamber is split into a first gasification chamber
and a second gasification chamber for combustion of the
liquid fuel with the oxygen under conditions of saturated
steam and overheated steam respectively.

16. An engine unit according to claim 1, wherein the
gasification chamber is to a first gasification chamber which
is in fluid communication with an oxygen tank and with the
fuel tank and into a second gasification chamber which is in
fluid communication with the liquid gas tank, the first
gasification chamber and the second gasification chamber
being under thermal exchange condition for exchanging the
combustion heat produced between the oxygen and the fuel.

17. An engine unit according to claim 16, wherein the first
gasification chamber and the second gasification chamber
are in fluid communication through a thermal exchange
chamber.

18. An engine unit according to claim 16, wherein the
second gasification chamber is directly inserted inside the
first gasification chamber.

19. An engine unit according to claim 1, wherein the
engine comprises an intake valve, which is controlled to
close for a predetermined duration.

20. An engine unit according to claim 1, wherein the
engine comprises an exhaust valve, which is controlled to
close for a predetermined duration.

21. A method for supplying an engine particularly for
urban traction, comprising the step of gasifying a liquid gas
thus obtaining compressed gas, wherein the gasification is
achieved by combustion of a predetermined limited amount
of a liquid fuel and oxygen contained in the liquid gas, so
that combustion is performed in the same area where the
gasification of liquid gas takes place and the engine is
supplied with the compressed gas and with gaseous products
of combustion process.

22. A method according to claim 21, wherein the gasifi-
cation is achieved by a heat exchanger extracting heat from
the ambient atmosphere.

23. A method according to claim 21, wherein the liquid
gas is of proper liquid air or liquid air depleted of oxygen,
and wherein the combustion is performed with oxygen of the
liquid air.

24. A method according to claim 21, wherein the liquid
gas is of nitrogen and that the combustion is performed with
oxygen autonomously supplied with respect to the liquid
gas.

25. A method according to claim 21, further comprising a
further gasification step of the liquid gas which takes place
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in a distinct gasification area where the oxygen and fuel
combustion is performed, and that the combustion heat is
conveyed into the gasification area.

26. A method according to claim 21, wherein the liquid
fuel is liquid hydrogen.

27. A method according to claim 21, wherein the com-
bustion takes place in the presence of a pilot igniter.

28. A method according to claim 21, wherein the prede-
termined limited amount of the liquid fuel is selected to
obtain compressed gas at a predetermined pressure com-
prised between 10 and 30 atmospheres and preferably 20
atmospheres.

29. A method according to claim 21, further comprising
the step of performing a starting gasification of the liquid
fuel in a heat exchanger.

30. A generator for supplying an engine, particularly an
engine for urban traction and the like, comprising:

a liquid gas tank; and

gasitying means for gasifying the liquid gas into com-
pressed gas, the gasifying means comprising

a gasification chamber in fluid communication with the
liquid gas tank and

a liquid fuel tank which is connected to the gasification,

wherein the gasification chamber is in fluid communi-
cation with both the liquid fuel tank for combustion
of the liquid fuel with the oxygen of the liquid gas,
and a cylinder of the engine through a compressed
gas intake valve, so that compressed liquid gas and
gaseous products of combustion process are used to
do useful work.

31. A generator according to claim 30, wherein the
gasifying means comprise a heat exchanger between the
liquid gas tank and the gasification chamber for a starting
gasification of the liquid gas.

32. A generator according to claim 31, wherein the liquid
gas is of liquid air or of liquid air depleted of oxygen.

33. A generator according to claim 30, wherein the liquid
gas is liquid nitrogen.

34. A generator according to claims 33, wherein the
gasifying means comprise an oxygen tank in fluid commu-
nication with the gasification chamber for combustion with
the liquid fuel.

35. A generator according to claim 30, wherein the liquid
fuel is liquid hydrogen.

36. A generator according to claim 30, wherein the
gasifying means comprise a pilot igniter within the gasifi-
cation chamber to promote the combustion.

37. A generator according to claim 31, wherein the
gasifying means comprise a pump between the liquid gas
tank and the gasification chamber.

38. A generator according to claim 31, further comprising
a pump between the liquid fuel tank and the gasification
chamber.

39. A generator according to claim 34, further comprising
a pump between the oxygen tank and the gasification
chamber.

40. A generator according to claim 36, wherein the pump
is a variable delivery pump for controlling the engine speed.

41. A generator according to claim 31, further comprising
a heat exchanger between the liquid fuel tank and the
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gasification chamber for a starting gasification of the liquid
hydrogen.

42. A generator according to claim 34, wherein the
gasification chamber is split into a first gasification chamber
and a second gasification chamber for combustion of the
hydrogen with the oxygen of the air under conditions of
saturated steam and overheated steam respectively.

43. A generator according to claim 30, wherein the
gasification chamber is split into a first gasification chamber,
which is in communication with the fuel tank and with an
oxygen tank, and a second gasification chamber, which is in
fluid communication with the liquid gas tank, the first
gasification chamber and the second gasification chamber
being under thermal exchange conditions for exchanging the
combustion heat produced between the oxygen and the fuel.
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44. A generator according to claim 43, wherein the second
gasification chamber is directly inserted inside the first
gasification chamber.

45. An engine unit according to claim 11, wherein the
pump is a variable delivery pump used for controlling the
engine speed.

46. An engine unit according to claim 12, wherein the
pump is a variable delivery pump used for controlling the
engine speed.

47. A generator according to claim 38, wherein the pump
is a variable delivery pump for controlling the engine speed.

48. A generator according to claim 39, wherein the pump
is a variable delivery pump for controlling the engine speed.
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